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Oescripti n 

FIELD OF THE INVENTION 

' 5 The present invention relates to a novel pharmaceutical aerosol formulation of solid polypeptide micropartides and 
to a method for preparing the same formulation. 

BACKGROUND OF THE INVENTION 

10 In recent years, many biologically active polypeptides have been tried for pharmaceutical use. The polypeptides as 
pharnf)aceuticai proteins have been required to have high therapeutic efficacy with less adverse effects and high stabil- 
ity. Regard to the formulation, the polypeptides are generally administered as aqueous solution because they are enzy- 
matically degraded in the digestive tract, and they are poorly absorbed by the biological membranes in other parts of 
the body because of their molecular size and enzymatic degradation in transit to the circulation. For the polypeptide 

75 administration, intravenous, intramuscular or subcutaneous injections are usual routes, while neither oral administration 
nor transdermal administration is not established. An improved method for the polypeptide administration has therefore 
been required to decrease the complexity of handling and the physical burden of the patient. 

Inhalation is a potent desirable method for the polypeptide administration. An aerosol having aqueous droplets is 
produced by nebulization of aqueous solution with a jet nebulizer. On the other hand, an aerosol having solid particles 

20 is generated witii either a metered<lose inhaler or a dry-powder inhaler, both of which are used for P2-adrenergic ago- 
nists, steroids and antiallergics to treat asthma. 

Particle size is a key factor to control the deposition region of the particles in respiratory tract. Small particles capa- 
ble of reaching to alveoli must be 0.5 to 7 fim in diameter (Porush si al . J. Amer, Pharm. Ass. Sd. Ed.. 49. 70, 1960). 
preferably less than 5 fim (Newman and Clarks, Thorax. 38. 881 . 1983). 

25 Aerosol formulations of polypeptides have recently been developed such as a solid particle form of insulin (Lee and 
Sciarra, J. Pharm. Sci.. 65. 567. 1976). and recombinant d-antltrypsin (Hubbard filaL Proc. Nati. Acad. Sci. U.S.A.. gg, 
680, 1989). In these trials, the diameter of aerosol particle is suitably less than 5 M^m. 

While, for intranasal administration of tiie polypeptide, tiie larger particle size is required both in the aqueous and 
solid aerosols. For instance, aqueous spray of the human leukocyte IFN was applied to prevent from Rhino virus infec- 

30 tion (Scott et ai t Br. Med. J.. £§4* 1822, 1982) and the polypeptide formulation for nasal administration was described 
in Japanese patent publication (KOKOKU) No. 62-37016 wherein the median partide size is limited to between 10 to 
250 fim in diameter to refrain from the particle deposition into lung. EP 257956 describes a device and dispersion for 
intrapulmonary delivery of peptide growth factors and cytokines, such as somatropin. somatrem, interieukin (IL)-1 or - 
2. tumor necrosis factor (TNF)-a or -p plus interferon (IFN). or a combination of IFN and IL-2. However, IFN alone. ILs- 

35 6, -8 and -1 1 , antibody, antibody fragments, and immunoconjugate referred to by the present invention are not disclosed 
in this prior publication. 

Maitani et al., (Drug Design and Delivery, 1. 65. 1986) and Maitani et a!., (ibid., 4, 109, 1989) have developed IFN- 
p formulations for nasal administration tiiat use enhancers to facilitate absorption across the nasal nujcosa. However, 
even with permeation enhancers, the bioavailability was too low for a pharmaceutically acceptable product, 
40 To deliver the polypeptide particles efficiently, it is necessary not only to control tiie particle size but also to prepare 
the formulatbn witii high efficiency. 

Therefore, optimal conditions must be determined for each peptide Including aqueous or solid state to prepare tiie pre- 
ferred aerosol formulation. 

Most recentiy, pulmonary administration of proteins and otiier macromolecules by aerosol to produce a systemic 
45 effect has been reported. Recombination forms of tiie IFN-y and tumor neaosis factor (Debs et al., J.Immunol., 140, 
3482. 1988) and human interferon a (Kinnula et al., J.lnterferon Res., 9. 419, 1989) have been obsen^ed in tiie blood- 
stream after aerosol administration to the lung. Recombinant human growth hormone (HGH) has been shown to be rap- 
idly absorbed from tiie lung when delivered by aqueous aerosol and the aerosol HGH promoted the growth in test 
animals like tiiat obtained with subcutaneous injection (Fuchs et al.. J. Clin. Invest., submitted). 
so In these cases, the aerosol was produced from an aqueous solution containing the proteins using a jet nebulizer. 
However, in tiie case of IFN-p, the protein is particularly unstable in the aqueous solution and to tiie recirculation action 
in tiie jet nebulizer, and the type of device commonly used to produce aerosols from medicated solutions promotes 
molecular aggregation of tiie IFN-p rendering tiie protein biologically inactive. 

55 SUMMARY OF THE INVENTION 

The present invention relates to a novel pharmaceutical aerosol formulation of solid polypeptide micropartides. 
The formulation according to the invention comprises solid micronized particles of biologically active human interferon 
beta, the particle size tfiereof being of 0.5 to 10 jim in median diameter. Further, tiie micronized particle contains human 
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serum albumin and sugar or sugar alcohol for ensuring the stability of the polypeptide, and in addition the produced for- 
mulation may further comprise surfactant for improving the dispersion of the particles. The polypeptide may be pre- 
pared as a dry powder which can b milled t an appropriate particle size to target ither an upper or lower respiratory 
tract. The polypeptide aerosol suspension prepared in a pressurized metered<lose inhaler and administered by oral 
5 inhalation was found to produce desired local and systemic effects in animal tests. The biological response obtained 
with the polypeptide aerosol compares tevorably to the response obtained from parenteral administration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 Fig. 1 shows the effect of grinding pressure on the median diameter of micronized lyophilized human serum albu- 
min (HSA). 

Fig. 2 shows the IFN-p deposition in respiratory tract after IFN-MDI inhalation to rabbit. 
Fig. 3 shows the IFN-p serum concentration after inhalation of IFN-MDI to rabbit. 

15 DETAILED DESCRIPTION OF THE INVENTION 

The aerosol formulation has a great advantage in being easy to administer the formulated drug. However, since 
many biologically active polypeptides have their own intrinsic properties, general methods to formulate them in a stable 
form are not established yet. For example, some polypeptides lose their biological activities by oxidation, aggregation 

20 and autolysis in the aqueous solution. The nebulization of the polypeptide by a jet nebulizer in aqueous conditions may 
increase the loss of tiie biological activity by the shearing stress during the atomization of tiie solution. Witii respect to 
the aerosol formulation, tiie solid state is more suitable to maintain tiie biological activity. 

The present invention provides a solid polypeptide aerosol formulation to deliver to the respiratory tract, the 
polypeptide being human IFN beta. 

25 Polypeptides may be obtained from natural sources, recombinant microorganisms (e.g.. Escherichia coli and 
yeast), recombinant insect cells (e.g.. silk worm), recombinant mammalian cells (e.g., Chinese hamster ovary cells, 
murine C127 cell and simian COS cell) and chemically syntiiesized products. The polypeptide is extracted and purified 
in aqueous conditions up to guaranteed pharmaceutical grade. In the case of a labile polypeptide, human serum albu- 
min (HSA) may be added to the purified preparation (more than 0.5% (w/w)). and some sugars or sugar alcohols may 

30 also be added to ttie preparation, if necessary. The symbol (w/w) refers to ttie weight of the ingredient per weight of the 
formulation. 

Sugar or sugar alcohol is selected at least one from lactose, maltose, sorbitose, tolehalose. xylose, mannitd, sorb- 
itol and xylitol. The sugar or sugar alcohol is added to the polypeptide preparation in tiie range of 0.01 to 200% (w/w), 
preferably 1 to 50% (w/w). The mixture is lyophilized followed by milling. 
35 The particle size is controlled by grinding pressure in the milling process. The grinding pressure is adjusted in the 
range of 5 to 120 psig. preferably 5 to 15 psig for large particles (4.0 to 10 ^m in diameter) and 15 to 100 psig for small 
particles (0.5 to 4.0 fim). 

The milling produces micronized solid particles between 0.5 to 4.0 ^m in median diameter for intrapulmonary 
administration and the other particles of less than 10 ^im in median diameter for nasal and upper respiratory tract 

40 administrations. The size distribution of the particles is defined by more than 50% of total particles, preferably more than 
75%. The partide size of tiie powder in suspension is determined by centrifugal sedimentation particle analyzer model 
CAPA-700 (Horiba Ltd., Kyoto, Japan) or by QCM-Cascade Inpactor Model PC-2 (California Measurement Inc., CA, 
U.S.A.) for the powder dispersed in an aerosol. 

To inprove the dispersion in liquid suspension and to inhibit the aggregation, some kind of surfactant is preferably 

45 added to the milled polypeptide powder. The surfactant includes nonionic surfactants such as mono and diglycerides. 
sorbitan fatty acid esters and polyoxyettiylene acids and polyoxyetiiyiene alcohols, and amphoteric surtectants, phos- 
pholipids, phosphatidylcholine and natural lecithins. The surfactant is preferably selected from at least one of sorbitan 
trioleate (SPAN 85). soya lecittiin, oleyl alcohol or polyoxyethylene (POE) hydrogenated castor oil in the range between 
0.05 to 2% (w/w). 

50 The polypeptide formulation may also contain some mineral ions, calcium ion, magnesium ion, sodium ion, potas- 
sium ion and chlorine ion, to maintain the desired physiological osmolarlty. Moreover, a biological surfactant derived 
from alveolus may also be added to the polypeptide formulation to decrease mucosal stimulation, if necessary. 

The polypeptide formulation for inhalation is dispersed by volatilization of a liquid propellant or tiie shear force in a 
high velocity gas stream. Generally, tiie polyp ptid particles are packed in an air-tight vessel and sprayed out by com- 

55 pressed air, compressed carbon dioxide, or fluorocarix>n propellants. Examples of the f luorocarbon propeliants include 
chlorofluorocarbons (CFC-11, CFC-12 and CFC-114), hydrochlorofluorocarbons (HCFC-123, HCFC-124 and HCFC- 
141) and hydrofluorocartwns (HFC-125 and HFC-134a). 

The polypeptide formulation disclosed in tiie present specification is particularly valuable for a polypeptide which is 
unstable in aqueous solution, such as IFN-p. 
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The IFN-p can be formulated either as a dry powder suspended In propellants and administered as a pressurized 
metered-dose aerosol, or as a dry powder contained in a capsule on a blister pack that Is administered with a dry pow- 
der inhaler. The IFN-p exists in a solid form in both of thes formulations and the protein is considerably mor stable 
when prepared as a lyophilized powder than in solution. These novel aerosol formulations, in which IFN-p is prepared 
5 as a dried solid, overcome the problems with instability of the protein In a jet nebulizer and enables IFN-p to be delivered 
as an aerosol. This invention provides a convenient noninvasive means of administering therapeutically meaningful 
dosages of interferon. 

The suspension aerosol formulation contemplated in this invention is administered with a metered-dose inhaler. 
Specific examples of commercial instruments that utilize this type of device for the delivery of the peptide for local treat- 
10 ment of lung disease include Ventolin Inhaler (Glaxo, Inc.. Research Triangle ParK NC. U.S.A.) and Intal Inhaler 
(Rsons. Corp.. Bedford. MA. U.S.A.). The dry powder formulation contemplated in this invention is administered with a 
dry-powder inhaler. Commercial dry-powder inhalers include Ventolin Rotahaler (Glaxo. Inc.. Research Triangle ParK 
NC. U.S.A.) and Spinhaler (Rsons Corp., Bedford, MA. U.S.A.). 

75 EXAMPLES 

The present invention will hereinafter l3e further illustrated by the following examples. 
EXAMPLE 1 : Preparation of miaonized IFN-p 

20 

It has been found that the excipients preserve the IFN-p activity during preparation of the dry powder formulation. 
Aqueous IFN-p formulations containing human serum albumin (HSA), sodium chloride, and sorbitol were prepared hav- 
ing the compositions listed in Table 1. 

25 

Table 1 



IFN-p preparations for lyophilyzation 


Component 


Solution A 


Solution B 


IFN-p 


15|ig/ml 


15 ^g/ml 


Human serum albumin 


1.5 mg/ml 


15 mg/ini 


NaCl 


0.6 mg/ml 


0.6 mg/ml 


D-sorbltol 




4.5 mg/ml 


Total solids 


2.1 mg/ml 


20.1 mg/ml 



40 The solutions were lyophilized in a freeze dryer (Model No. GT4. Leytx)ld Colonge. Germany) and the dried powder 
was subsequently milled in a jet mill (Sturtevant. Boston, MA. U.S.A.). The lyophilized and micronized powder was 
assayed with using an enzyme immunoassay (ElA) (Yamazaki et al., J. Immunoassay. 10. 57, 1989). This EIA is specific 
for the IFN-p monomer, biological active form of the protein. 

Table 2 contains the ratio of the IFN-p activity in the powder sample to the activity of the original solution. Values in 

45 Table 2 are reported as the ratio ± standard deviation of two measuremerits of the IFN activity in the sample powder to 
the activity of the aiginal solution multiplied by 100. The IFN-p powder was reconstituted in Eagle's minimum essential 
medium (MEM) supplemented with 10% fetal calf serum (FCS). The IFN activity was retained in Formulations A and B 
more than 65% activity during lyophilization and milling steps in preparing the micronized powder. These conditions are 
acceptable for the preparation of micronized powder. 

so 



Table 2 



Fraction of IFN-p activity retained in preparing the micronized powder 


Formulation 


IFN-p Activity of Lyophi- 
lized Powder 


IFN-p Activity of Milled 
Powder 


Particle Size 


A 


107±17% 


65 ±4.8% 


2.3±1.7fJim 


B 


110 ±25% 


102 ±3.8% 


1.6±1.2nm 
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EXAMPLE 2 : Partide size control of miaonization 

5 A jet mill (Sturtevant) was used to prepare mlcromzed particles containing IFN. Dry nitrogen supplied from liquid 
dewars and filtrated with ultrahigh efficiency fitters (Millipore Corp., Bedford. MA. U.S. A.) was used to minimize contam- 
ination of the IFN powder during milling. The jet mill was operated to prepare a powder having greater than 50% of the 
particle less than 3 jmi in diameter and 90% of the particle less than 5 \itr) in diameter. The fine particles are required 
for efficient deposition in the pulmonary region of the respiratory tract where macromolecules are thought to be 

10 absofbed across the epithelia, while the coarser particles deposit in the pharyngal region and the upper respiratory 
tract. 

The HSA powder as a test sample was micronized under various grinding pressures. The particle size was meas- 
ured by Horiba particle analyzer model CAPA-700. As shown in Figure 1 , the median particle size of the micronized 
powder is dependent on the grinding pressure of the jet mill. To obtain fine particles less than 4 |im in diameter, the 
75 grinding pressure must be 15 to 100 psig. On the other hand, coarser particles could be prepared by operating mill at 
a low pressures (5 to 15 psig). These larger particles had a median particle diameter of between 5 to 15 iim which 
would deposit primarily in tiie nasal and pharyngal regions and upper respiratory tract when administered nasally as a 
pressured metered-dose aerosol. 

20 EXAMPLE 3 : Compatibility of IFN-p with metered-dose inhaler (MDI) aerosol excipients 

A se ries of samples was prepared to determine whether the aerosol exdplents are compatible with iFN-p. Four mg 
of micronized powder prepared by milling under 100 psig of grinding pressure, a lyophilized powder prepared from For- 
mulation B, were weighed into small vial. A surfactant at a final concerrtration of either 0.1% (w/w) or 1 .0% (w/w) and a 

25 propellant (CFC-12) were added to tiie vial . The more hydrophilic surfactants were dissolved in a solvent (CFC-1 1). 
The samples were then chilled in dry ice and set at room temperature for 2 to 7 days, after which the vials were opened 
and the propellant and the solvent allowed to evaporate. The remaining nonvolatiles. powder and surfactant were recon- 
stituted in 5 ml of either Eagle's MEM witii 1 0% FCS and the activity of the IFN-p in the sample was assayed. The meas- 
ured sample activities were compared with the expected activity in the sample which was based on the activity of the 

30 micronized powder. 

Table 3 contains the results of the assay for a variety of surfactants suitable for dispersion of the powder in suspen- 
sion. It was discovered that the propellents CFC-12 and CFC-1 1 along with the surfactants of sorbitan trioleate, oleyl 
alcohol, POE hydrogenated castor oil and soya lecithin did not adversely affect the IFN-p activity. These sur^ctants in 
the concentrations of 1 .0% (w/w) resulted in a loss of IFN-p activity in samples prepared from Formulation B. The lower 
35 activity was quite probably a result of the surfactants retarding the dissolution of the micronized powder in the resus- 
pending medium. The IFN-p activity was retained in the samples prepared with powder Formulation B; the soibitan tri- 
oleate may promote the dissolution of the IFN-p as a soluble monomer. 



Table 3 



Compatibility of IFN-p witii MDI aerosol exdpients 


Surfactant 


Propellant CFC-1 2/11 
blend 


0.1% Surfactant 


1.0% Surfactant 


Oleic acid 


100/0 


23% 


26% 


Oleyl alcohol 


100/0 


101% 


73% 


Sorbitan fioleate 


100/0 


92% 


29% 


Aerosol AT 


100/0 


27% 


31% 


Soya ledthin 


90/10 


98% 


53% 


POE hydrogenated castor oil 


90/10 


93% 


87% 


Cetyl pyridinium chloride 


90/10 


25% 




(Witiiout surfactant 




102%) 
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EXAMPLE 4 (Comparison) : Compatibility test in aqueous solution 

To compare the compatibility of surfactants ksetween the solid and aqueous states, Formulation B was dissolved in 
Eagle's MEM with 10% PCS and 0.1% (w/W) each surfactant. After the incubation at room temperature for 48 hours. 
5 iFN-p activity was assayed by ElA. 

The results are shown in Table 4. where residual IPN-p activities under the existence of each surfactant were much 
lower than those in the solid state in Table 3. This indicates that the solid state of IFN-p is more stable to the surfactant 
than the aqueous state. 

10 

Table 4 



Compatibility of IFN-p in aqueous solution 


Surfactant 


0.1% Surfactant 


Oleyl alcohol 


40% 


Sorbitan trioleate 


57% 


Soya lecithin 


16% 


POE hydrogenated castor oil 


26% 


(Without surfactant 


57%) 



EXAMPLE 5 : MDI formulation of IFN-p 

The MDI formulations of IFN-p were prepared by using four kinds of surfactants, oleyl alcohol (OA), sorbitan tri- 
oleate (SPAN85). Soya lecithin (SL) and POE hydrogenated castor oil (HCO) at the concentration of 0.1% (W/W). MDI 
30 sanples were prepared according to the procedures in EXAMPLE 3. Preparative yields were summarized in Table 5. 
Contents of Formulations A and B are described in Table 1 . 



Table 5 



40 



Preparation of IFN-MDI using four surfactants 


Step 


Preparative Yield (Step%/Over- 






all%) 




Formulation A 


Formulation B 


Starting Solution 


100/100 


100/100 


Lyophllization 


107/107 


74/74 


Milling 




65/70 


101/75 


MDI Powder 


-OA 


96/68 


78/58 




-SPAN85 


81/56 






-SL 


68/47 


100/75 




-HCO 


84/58 





M the IFN-MDI preparations using the lour different surfactants gave the final preparative yield more tiian 50%. 
These conditions are acceptable for the preparation of MDI. Moreover, the IFN-p activity in MDI formation was stable at 
55 4''C at least for one year. 

EXAMPLE 6 : Deposition of IFN-p in lung after tiie inhalation of IFN-MDI to rabbit 

The IFN-MDI samples were prepared according to EXAMPLE 5. Three New Zealand White rabbits between 2.9 
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and 3.2 Kg were used. A rabbit was mildly restrained in an animal chamber and attached a mouthpiece connected with 
a cylindrical spacer (300 ml of space volume) covering nose and mouth. Solid IFN-p particles from OA-IFN-MDI were 
puffed into the spacer. In dosing the rabbit, 20 accutuations of the MDI (2x10^ lU/Kg) were administered by breathing 
in approximately 15 minutes. At 15 minutes after the inhalation of the MDI, the rabbit was sacrificed with a 50mg/Kg 
5 injection of sodium thiopental and trachea and whole lung were removed. These tissues were homogenized in Eagle's 
MEM supplemented with 10% FCS and the IFN-p activity in the supernatant was assayed by EIA. As shown In Figure 
2. the IFN-p was found to deposit in all regions of the respiratory tract. Total deposition ratio was 23.0 ± 3.6% to the 
inhaled dose. 

10 EXAMPLE 7 : Serum titer of IFN-p after inhalation of IFN-M Dl to rabbit 

Two rabbits were received IFN-p by inhalation of SPAN85-!FN-MDI with 2 x 10^ lU/body according to the proce- 
dures in EXAMPLE 6. After the inhalation, blood was sampled from marginal ear vein. The IFN-p titer in the serum was 
assayed by EIA. The serum concentration-time profiles of IFN-p was illustrated In Figure 3. Tlie IFN-p was significantiy 
75 detected in sera of all rabbits. 

EXAMPLE 8 : 2*5*-oligoadenylate synthetase (2*5'-AS) induction in rabbit liver by Inhalation of IFN-MDI 

The IFN-p was administered by the inhalation of SPAN85-IFN-MDI to ten rabbits witii 2x10^ lU/Kg/day for five days 
20 according to the procedures in EXAMPLE 6. At day 6. the rabbits were sacrificed and their livers were removed. The 
liver samples were homogenized with lOmM HEPES buffer (pH 7.5) containing 10% glycerol and 0.1% Nonidet P-40. 
A specific enzyme induced by IFN, 2'5'-AS, was assayed by the method of Stark et al. (Methods Enzymd., 73. 194. 
1981). As shown in Table 6. 2*5*-AS elevation was significantiy observed in livers of inhalated rabbits. 

Table 6 



2'5*-AS elevation in livers of rabbits after the inha- 
lation of IFN-MDI 


Condition 


Total No. 


2'5'-AS Induction 






Negative 


Positive 


Control 


12 


10 


2 


inhalated 


10 


5 


5p<0.05* 



^Statistical significance of X^-test. 



40 Claims 

1. A pharmaceutical aerosol formulation comprising solid micronlzed particles of a biologically active human inter- 
feron beta, human serum albumin and a sugar or a sugar alcohol, wherein the median size of the particles is in tiie 
range of 0.5 to 10 ^m. 

45 

2. The formulation of claim 1 , further including a surfactant. 

3. The formulation of claim 2, wherein tiie surfactant is selected from sorbitan trioleate, soya lecithin, oleyl alcohol, 
potyoxyethylene hydrogenated castor oil. and mixtures thereof. 

so 

4. The formulation of claim 1 which Is effective to deliver the polypeptide to the lung, wherein the median size of the 
particles is in tiie range of 0.5 to 4.0 ^m. 

5. The formulation of claim 1 which is effective to deliver the polypeptide to tiie pharynx and upper respiratory tract. 
55 wherein tiie median size of the particles is in the range of 4.0 to 10 |im. 

6. A method for preparing a pharmaceutical aerosol formulation as defined in claim 1, comprising lyophilizing an 
aqueous solution of the biologically active polypeptide and then milling tiie resultant dried powder into micronized 
particles under a grinding pressure of 1 .35 to 9.25 bar (5 to 120 psig). 
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7. The methcxi of claim 6. wherein the grinding pressure is 1 to 7.9 bar (15 to 100 psig). 



8. The method of claim 6 wherein the median diameter of the micronlzed particles Is in the range of 0.5 to 1 0 ^m. 

5 9. The method of claim. 6 wherein human serum albumin, a sugar, or a sugar atcohoi is added to the aqueous solution 
of the biologically active polypeptide prior to iyophilization. 

10. The method of claim. 6 wherein a surfactant is added to the micronized particles after milling. 

10 11. The method of claim 10, wherein the surfactant is selected from sorbitan trioleate, soya lecithin, oleyl alcohol and 
polyoxyethylene hydrogenated castor oil. 

Patentanspruche 

IS 1 . Pharmazeutische Aerosolformulierung, die teste mikronisierte Teilchen von biologisch aktivem Human-lnterferon p, 
Human-Serurnalbumin und Zucker Oder Zuckeralkohol enthait wobei die mittlere Gr06e der Teilchen im Bereich 
von 0.5 bis lOfim liegt. 

2. Formulierung nach Anspruch 1 . die auBerdem ein oberfldchenaktives Mittel einschlieSt. 

20 

3. Formulierung nach Anspruch 2. wobei das oberf Idchenaktive Mittel aus Sorbitantrioteat. Sojalecithin. Oleylalkohol. 
Polyoxyethyjen-hyidriertem CastorOI und Mischungen davon ausgewShlt ist. 

4. Formulierung nach Anspruch 1 . die der Lunge Polypeptid zufuhren kann. wobei die mittlere Gr66e der Teilchen im 
25 Bereich von 0.5 bis 4,0 ^m liegt. 

5. Formulierung nach Anspruch 1, die dem Pharynx und dem oberen Atmungswegen Polypeptid zufuhren kann. 
wobei die mittlere GrOBe der Teilchen im Bereich von 4.0 bis 10 fim liegt. 

30 6. Verfahren zur Herstellung einer pharmazeutischen Aerosolformulierung nach Anspruch 1 . die das Gef riertrocknen 
einer waBrlgen LGsung eines biologisch aktiven Polypeptids und das anschlieBende Mahlen des entstandenen 
getrockneten Pulvers zu mikronisierten Teilchen bei einem Mahldruck von 1 .35 bis 9.25 bar (5 bis 120 psig) umfaBt. 

7. Verfahren nach Anspruch 6. wobei der MaNdruck 1 bis 7.9 bar (15 bis 100 psig) betrdgt. 

35 

8. Verfahren nach Anspruch 6. wobei der mittlere Durchmesser der mikronisierten Teilchen im Bereich von 0.5 bis 10 
|im liegt 

9. Verfahren nach Anspruch 6. wobei der wdBrigen LOsung des biologisch aktiven Pdlypetids vor dem Gefriertrock- 
40 nen Human-Serumalbumin, Zucker oder Zuckeralkohol zugesetzt werden. 

10. Verfahren nach Anspruch 6, wobei den mikronisierten Teilchen nach dem Mahlen ein oberfiachenaktives Mittel 
zugesetzt wird. 

45 11. Verfahren nach Anspruch 10. wobei das oberfiachenaktive Mittel aus Sorbitantrioleat. Sojalecithin, Oleylalkohol 
und Polyoxyethylen-hydriertem CastorOI ausgewdhlt ist. 

Revendications 

so 1 . Une formulation pharmaceutique pour aerosol, comprenant des particules solides micronis^es d'un interferon b§ta 
humain biologiquement actif, de la s^rumalbumine humaine et un sucre ou un sucre alcool. dans laqueile la taille 
moyenne des particules est comprise entre 0.5 et 10 fim. 

2. Une formulation selon la re/endication 1, contenant de plus un tensioactif. 

55 

3. Une formulation selon la revendication 2, dans laquelie le tensioactif est choisi parmi le triol^te de sori^itan. la I6ci- 
thine de soja. Talcool ol6ylique, I'huile de ricin hydrog^n^e polyoxy^thyl^n^e et leurs melanges. 

4. Une formulation selon la revendication 1 , qui est eff icace pour d^livrer le polypeptide au niveau des poumons. dans 
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iaquelle la taille moyenne des partlcules est comprise entre 0,5 et 4 ftm. 

5. Una formulation selon la revendlcation 1. qui est efficace pour d^livrer fe polypeptide au niveau du larynx et de 
I'apparell respiratoire sup^rieur. dans Iaquelle la taille moyenne des particules est comprise entre 4.0 et 10 |yim. 

6. Un proc4d6 pour pr^arer une formulation pharmaceutique pour aerosol telle que d6f inie dans la revendication 1 , 
comprenant la lyophiiisation d'une solution aqueusedu polypeptide biotogiquement actif et ensuite la pulverisation 
de ia poudre s^ch^e r^sultante en particules micronis^es. sous une pression de broyage de 1 ,35 ^ 9,25 bars (5 h 
120 psig). 

7. Un proc^6 selon la revendication 6, dans lequel la pression de broyage est comprise entre 1 et 7.9 bars (15 1 00 
psig). 

8. Un proc^6 selon la revendication 6, dans lequel le diamdtre moyen des particules micronis^es est compris entre 
O.SetlOfim. 

9. Un proc^6 selon la revendication 6, dans lequel on ajoute une s^rumaibumine humaine. un sucre ou un sucre- 
atcool. k la solution aqueuse du polypeptide biologiquement actif avant la lyophiiisation. 

1 0. Un proc6d6 selon la revendication 6. dans lequel on ajoute un tensioactif aux particules micronis^es. apr^s la pul- 
verisation. 

1 1 . Un precede selon la revendication 1 0, dans lequel le tensioactif est choisi parmi le trioleate de soibitan. la ledthine 
de soja. Talcoot oieylique et I'huile de ricin hydrogenee polyoxyethyienee. 
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Figure 1. 
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Figure 2. 
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Figure 3. 
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